Purification and properties of glutamine synthetase from liver of Squalus acanthias.
Ammonia assimilation for urea synthesis by liver mitochondria in marine elasmobranchs involves, initially, formation of glutamine which is subsequently utilized for mitochondrial carbamoyl phosphate synthesis [P. M. Anderson and C. A. Casey (1984) J. Biol. Chem. 259, 456-462]. The purpose of this study was to determine if the glutamine synthetase catalyzing this first step in urea synthesis has properties uniquely related to this function. Glutamine synthetase has been highly purified from isolated liver mitochondria of Squalus acanthias, a representative elasmobranch. The purified enzyme has a molecular weight of approximately 400,000 in the presence of Mg2+, MgATP, and L-glutamate, but dissociates reversibly to a species with a molecular weight of approximately 200,000 in the absence of MgATP and L-glutamate. Association with the glutamine- and acetylglutamate-dependent carbamoyl phosphate synthetase, also located in the mitochondria, could not be demonstrated. The subunit molecular weight is approximately 46,000. The pH optimum of the biosynthesis reaction is 7.1-7.4. The purified enzyme is stabilized by MgATP and glutamate and by ethylene glycol, and is activated by 5-10% ethylene glycol. The apparent Km values for MgATP, L-glutamate, and ammonia (NH4+-NH3) are 0.7, 11.0, and 0.015 mM, respectively. Mg2+ in excess of that required to complex ATP as MgATP is required for maximal activity; Mn2+ cannot replace Mg2+. The enzyme is activated by low concentrations of chloride, bromide, or iodide; this effect appears to be related to decreases in the apparent Km for glutamate. The enzyme is inhibited by physiological concentrations of urea, but is not significantly affected by physiological concentrations of trimethylamine-N-oxide. Except for activation by halogen anions and the very low apparent Km for ammonia, this elasmobranch glutamine synthetase has properties similar to those reported for mammalian and avian glutamine synthetases. The very low apparent Km for ammonia may be specifically related to the unique role of this glutamine synthetase in mitochondrial assimilation of ammonia for urea synthesis.